The aim of the study was to analyse the evolution of the prevalence of HAV and HEV in the population of eastern Spain by analysing the viruses excreted in urban sewage. Raw urban sewage samples were collected and analysed during several years using RT-PCR techniques and sequencing analysis. Two limiting regions were analysed, one of them having implemented HAV vaccination programs. Acute symptomatic HEV cases were also examined. Results were compared with those from previous studies in the area using identical methodology. The percentage of positive HAV samples in urban sewage fell from 57.4% to 3.1% in 5 -10 years in the two studied areas in Spain. Around 30% of the urban sewage samples were positive for HEV in the absence of agricultural sources of contamination. HEV RNA was also detected in four clinical cases of acute hepatitis. The dramatic reduction in the presence of HAV in raw urban sewage observed in eastern Spain could be most likely related to the general improvement in sanitation. However, these improvements would not have an equivalent effect on the circulation of HEV and this observation could be explained by the presence of animal reservoirs for HEV, which act as external sources of infections. The results for nested and semi-nested assays are represented as positive samples/ samples analysed (percentage of positives samples). * The results shown were obtained from previous studies Pina et al. (2001) and Clemente-Casares et al. (2003), respectively.
. HAV has its own genus (Hepatovirus) within the family Picornaviridae whereas HEV is the sole member of the genus Hepevirus and family
Hepeviridae (Emerson et al. 2005; Nainan et al. 2006) . Both viruses cause acute, self-limited infections that may vary in severity from asymptomatic to fulminant (Purcell & Emerson 2008) . The most common route of transmission is generally faecal-oral (Orrù et al. 2004) and it causes largescale epidemics.
Hepatitis A affects humans worldwide. HAV infection is endemic to developing countries where most individuals are exposed to this virus during childhood ( Jacobsen & Koopman 2004) . Hepatitis E is the major cause of waterborne outbreaks and sporadic cases of acute hepatitis in many developing countries where sanitation is suboptimal and where HEV is considered endemic (Clemente-Casares et al.
2003; Emerson & Purcell 2004) . Typically, the disease caused is self-limited but it sometimes has severe complications, particularly in pregnant women, who register a high mortality rate (20%) (Balayan 1997) .
Traditionally, North America and Europe have been considered non-endemic regions for HEV as they have seroprevalence rates of 1 to 5% and most HEV infections are thought to be imported (Paul et al. 1994) . However, in the last few years several HEV strains associated with sporadic acute hepatitis and genetically distinct from the endemic ones have been isolated from human serum samples in North America and in some European countries (Clemente-Casares et al. 2009; Legrand-Abravanel et al. 2009 ). A recent study conducted in the same area, Catalonia (NE Spain), showed a seroprevalence of about 7.3% (Buti et al. 2006) . There is also evidence that some animals, particularly swine, are infected by HEV genotypes 3 and 4.
Both genotypes have been recovered from swine principally in the same regions that these genotypes were recovered from humans (Meng et al. 1997; Purcell & Emerson 2008) .
With few exceptions, genotypes 3 and 4 appear not to produce disease in swine (Martín et al. 2007) . In certain regions, including Spain, swine and human HEV strains are not genetically distinguishable (Clemente-Casares et al.
2009
), thereby supporting the notion that swine are a reservoir and that HEV infection is acquired by handling these animals or eating raw pork products.
Spain is considered an area of low endemicity for HAV infection (Bell 2002) and is characterized by diminishing HAV seroprevalence in the population ( Jacobsen & Koopman 2004) , while it is a non-endemic area for HEV (Yarbough 1999 
Concentration of viruses from urban sewage
The method used to recover virus particles from sewage samples was chosen on the basis of previous studies (Puig et al. 1994; Pina et al. 1998) . Briefly, 42 ml of sewage was ultracentrifuged at 110,000 £ g for 1 h at 48C to pellet all the viral particles together with any suspended material.
The pellet was eluted by mixing it with 3.5 ml of 0.25 N glycine buffer (pH 9.5) on ice for 30 min and, after addition of 3.5 ml of 2X phosphate-buffered saline, the suspended solids were separated by centrifugation at 12,000 £ g for 20 min. Finally, viruses were concentrated by ultracentrifugation at 110,000 £ g for 1 h at 48C, resuspended in 100 ml of phosphate-buffered saline and stored at 2 808C.
Nucleic acid extraction
The nucleic acids (NAs) from viral concentrates obtained from sewage samples were extracted following a highly sensitive and efficient procedure (Puig et al. 1994 ) described by Boom et al. (Boom et al. 1990 ). This procedure is based on the use of guanidinium isothiocyanate and silica particles.
For clinical serum samples, QIAamp RNA Blood Mini Kit w (Qiagen, Valencia, Spain) was used for the viral RNA extraction, following the manufacturer's instructions.
Reverse transcription-polymerase chain reaction
All samples were analysed with primers designed to amplify a region within the ORF2 of HEV (Erker et al. 1999 
Analysis of sewage samples by QPCR
HAV-and HEV-positive samples by nested PCR were quantified by real-time PCR ( Jothikumar et al. 2005b ( Jothikumar et al. , 2006 . 
RESULTS AND DISCUSSION
This study was designed as a comparative analysis for the 
Presence and concentration of HAV and HEV
Average viral concentrations in wastewater, as determined by the QPCR assays, were 1.6 £ 10 2 GC/ml for HAV and 3.2 £ 10 1 GC/ml for HEV. The results on the prevalence of positive HAV and HEV samples using RT-PCR assays were equivalent in the two regions in NE Spain (Table 1) .
HEV was detected in clinical serum samples using In addition, the distribution of HAV was found to be equivalent to the strains detected in urban sewage. That study is considered a reference for the evaluation of changes in the epidemiological pattern of HAV in the study area.
The results obtained in this study show a marked reduction in the prevalence of HAV in the study area, thereby suggesting that the higher risk of this population to acquire HAV infection is at present through personal or food-borne transmission from other areas with a higher level of endemicity.
General immunization in adolescents has a protective effect on the population; however, the pattern of HAV excretion in urban sewage did not differ significantly between the two regions in Spain, one of which has a general vaccination program while the other does not.
However, what is unquestionable is that vaccination is the only measure that guarantees individual protection against HAV infections in susceptible populations.
Improvements in sanitation would include not only improvements in water treatment but also improvements in hygienic and preventive practices that will better protect the environment, water and food from contamination, reducing the overall exposure and the number of infections and excreted viruses in the population. HAV is known to be a very stable virus (Siegl et al. 1984) . The samples analysed in this study were raw urban sewage samples presenting standard concentrations of human adenoviruses and without any treatment (Bofill-Mas et al. 2006) . The observed differences in the presence of HAV in the samples would be then related with higher probability to the reduction in the prevalence and excretion of hepatitis A viruses in the population than to significant changes in the stability of the viruses or in the level of faecal contamination in the sewage.
Concentration of HAdV in wastewater samples
The level of human faecal contamination of the sampling sites was evaluated by determining the concentration of 
Genetic characterization of the HAV and HEV strains
The sequences of HAV and HEV detected were compared with sequences described in previous studies in the same to 343) and in the total volume of wastewater depurated (from 991,892 to 2,786,871 m 3 /day).
The results obtained on the prevalence of HEV showed a more stable excretion pattern in the population of NE Spain, with percentages of 28.1, 38.9 and 31.7% of positive urban sewage samples over the years studied after 2000 (Table 1 ). The concentration of HEV in positive urban sewage samples was lower than that of HAV, being 10 1 CG/ml and 10 2 CG/ml, respectively. The observed concentration of HAdV was much higher, which registered more than 10 3 CG/ml in all the samples analysed from Spain. This finding demonstrates the presence of faecal contamination in the samples studied and supports the applicability of human adenoviruses as indicators of human faecal contamination.
The studies of the amplified viral sequences showed the variability of HAV and HEV strains present in sewage.
Although the sizes of the sequences were small, previous comparative studies have shown that the sequences analysed can be used for typification studies. In addition, 
